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Abstract

It has long been a great Chinese ambition to have a high impact top-
level scientific research conducted in domestic China. In this paper, 
we provide a case study of the recent discovery of the Quantum 
Anomalous Hall Effect by the group led by Prof. Qikun Xue at 
Tsinghua University. We analyze the entire experimental discovery 
process, explore the research culture developed in this condensed 
matter and materials physics research group, examine China’s funding 
environment and investigate the functioning of this multi-group-
collaboration. Lessons from this case study will shed lights on how 
to foster high impact world-class research institutions in China.
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1. Introduction

Over the past three decades, China has enjoyed a very impressive 
economic development period. Yet, it has been debated by many that 
China will not be able to continue its success with an economic model 
which relies heavily on government investment in infrastructure and 
exports of labor-intensive goods [1]. To move China’s economy to 
a higher level, the Chinese leadership has for some time recognized 
the importance of technological innovation and scientific research to 
achieve parity with advanced economies on a sustainable base. The 
Chinese leadership has also recognized the need for the development 
of world class research-intensive universities and the need for under-
taking massive reform of its science and technology system [2, 3].

As part of a larger project to understand the evolution of the lead-
ing Chinese universities, we have initially focused our attention on 
a case study of a significant recent scientific discovery — Quan-
tum Anomalous Hall Effect (QAHE) — by a multi-institutions 
research effort led by Prof. Qikun Xue at Tsinghua University. 
The discovery of the QAHE represents a significant scientific 
breakthrough in the field of condensed matter and materials 
physics, one of the largest sub-fields of physics which explores 
the macroscopic and microscopic properties of matter [4, 5].

Does Prof. Xue’s story suggest that China’s science and technol-
ogy community has recovered from the Cultural Revolution? Will 
China’s science and technology community become a solid com-
petitor with other developed countries, such as the United States, 
in the near future, e.g., 2030? Is China going to make a success-
ful transition from a world factory of labor-intensive-goods to a 
world factory of innovative ideas? In this paper, we analyze the 
QAHE discovery process, discover the emerging research culture 
in China, and explore how an effective research leader can mobi-
lize all kinds of resources to work together toward one common 
goal. This case study of QAHE will provide valuable clues to these 
large questions. Important lessons could also be drawn to provide 
practical and constructive guidance for China’s science policy. 
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2. Background

In this section, we provide the background informa-
tion of the QAHE and of the early career of Prof. Xue. 

2.1 Condensed Matter and Materials Physics

In the modern condensed matter and materials physics, scientists study 
the phenomena which arise from a large number of interacting atoms 
and electrons, reflecting the collective behavior of the assemblage. 
Novel phenomena are often observed through studies of new artifi-
cially structured materials and new experimental tools, which also push 
the boundaries of theoretical understanding, as shown in Fig.1. Since 
the birth of the transistor in 1947 at Bell Labs, the field of condensed 
matter and materials physics has spawned many Nobel Prizes in the 
physical sciences and has created a technological revolution [6-9]. 

Figure 1. Schematic illustration of the key ingredients in 

advancing condensed matter and materials physics 

The discovery of QAHE in thin films of chromium-doped (Bi,S-
b)2Te3 provides another classic example demonstrating how a 
lab-created new material can make a significant contribution to the 
condensed matter physics field [10]. Theoretical studies contributed 
by other groups also provided the essential stimulus for fabricating 
the growth of highly perfect layered materials which in turn requires 
the state-of-the-art diagnostic experimental instruments. 

2.2 The Hall Effect Family 

The ordinary Hall effect discovered by American physicist Edwin R. 
Hall in 1879 was a phenomenon in which the voltage drops across a 
conductor transverse to the applied electrical current in the conductor 
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with a magnetic field perpendicular to the current. Edwin Hall tried 
similar experiments on ferromagnetic materials and observed that 
the Hall resistance shows an unusually large slope at a low field, and 
this phenomenon became known as the anomalous Hall effect.

In 1980, about 100 years after Hall’s discovery, German physicist Klaus 
von Klitzing observed the steps in the Hall voltage-vs-current in a two 
dimensional Si/SiO2 field effect transistor in a strong magnetic field [11, 
12]. These steps which showed quantization of the Hall conductance was 
a major scientific discovery and led to the Nobel Prize in Physics 1985 
[13]. Klaus von Klitzing’s discovery led to intensive worldwide efforts 
to study Hall quantization in two-dimensional electronic systems. In 
high mobility two-dimensional electron layers confined at the inter-
face of GaAs/AlGaAs, Horst L. Störmer, Daniel C. Tsui, and Arthur C. 
Gossard observed in a very high magnetic field and low temperature 
the quantization of the Hall plateaus occurred at fractional values of the 
electronic charge, whose theoretical origin was provided by Robert B. 
Laughlin [14-18]. For their work, Robert B. Laughlin, Horst L. Störmer 
and Daniel C. Tsui shared the Noble Prize in Physics in 1998 [19]. 

These milestone discoveries made the quantum Hall effect one of the 
most important fields in modern condensed matter physics. A quantized 
version of the anomalous Hall effect, namely the QAHE, represents the 
realization of the quantum Hall effect in the zero magnetic field, which 
has long been sought after. Table 1 summarizes the Hall effect family, 
including the country where the effects were experimentally observed. 

Table 1. The Hall Effect Family

Year Observed Phenomenon Country 

1879 Ordinary Hall effect U.S.

1880 Anomalous Hall effect U.S.

1980 Quantum Hall effect Germany 

1982 Fractional quantum Hall effect U.S.

2013 Quantum anomalous Hall effect China
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2.3 Prof. Xue’s Early Career

The chief leader of the QAHE discovery process is Dr. Qikun Xue, a pro-
fessor at the Department of Physics, Tsinghua University. He received his 
high school education in Shandong Province, China, from 1977 to 1980, 
B.S. education at the Department of Optics, Shandong University from 
1980 to 1984, and MA and PhD educations at the Institute of Physics, 
Chinese Academy of Sciences (CAS) from 1987 to 1994. After serving as 
a research associate at the Institute for Materials Research, Tohoku Uni-
versity, as well as a visiting assistant professor at North Carolina State 
University in Raleigh, North Carolina, for one year, from 1994 to 1999, he 
joined the Institute of Physics at CAS in 1999, as the director for State Key 
Laboratory for Surface Physics, and moved to Tsinghua University in 2005.

After the Cultural Revolution, the first college entrance exam was 
resumed in late 1977. On March 18th 1978, the then vice prime minis-
ter, Deng Xiaoping, made ​​an historical speech at the opening ceremony 
of the National Conference on Science, emphasizing the importance 
of Science and Technology to a nation’s development [20, 21]. Ever 
since that time, it has become an important goal throughout the Chi-
nese nation to have Nobel-Prize worthy scientific work completed in 
domestic China. Thus, what makes the discovery of QAHE case even 
more thought-provoking is the fact that Prof. Xue is among the first 
generation of the very few Chinese scientists who received a complete 
high-school-to-college-to-PhD-education in China in this new era.

3. Method

We employed qualitative case study research since it allows us to obtain 
an in-depth understanding of the research process and the mechanism 
driving the scientists over time. Moreover, single case study is used to 
analyze the extreme sample that happened out of the expectation in a 
specific institution [22]. In our case, QAHE is one of the most signif-
icant scientific discoveries recently in China, which to some extend 
is an extreme sample. We interviewed several key participants in the 
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QAHE discovery process, including the project leader Prof. Xue and 
his PhD students, and observed research activities in his lab. A video 
record of Prof. Xue’s presentation and published interview of Prof. 
Xucun Ma and Prof. He Ke are also used for our investigation [23]. 

4. How is the discovery 
of QAHE unfolded

There are 23 authors listed in the QAHE paper. However, during the 
entire four-year long discovery process, there were in fact more than 
10 faculty professors and 20 PhD students from 4 academic institutes 
in China and the United States involved, with thousands of sam-
ples tested. Some interesting questions arose during this process: 

•	 Is it necessary to have so many people involved? 

•	 How could one faculty PI persuade a large 
number of collaborators to participate? 

•	 How were they funded? 

4.1 The personnel

Prof. Xue joined the Institute of Physics at CAS in 1999 and transferred to 
the Department of Physics at Tsinghua University in 2005. Since his return 
to China, he educated numerous scientists, who are also willing to work 
with him even after their graduation. Multiple faculty professors playing 
important roles in the QAHE project included Prof. Xue’s former students 
and former lab researchers. Prof. Ke He obtained his PhD from Prof. 
Xue’s group in 2006 and joined Institute of Physics at CAS in 2009 and 
transferred to Tsinghua University Department of Physics in 2013. Prof. 
Lili Wang obtained her PhD from Prof. Xue’s group in 2006 and joined 
Institute of Physics at CAS in 2008 and transferred to Tsinghua University 
Department of Physics in 2013. Prof. Shuaihua Ji obtained his PhD from 
Prof. Xue’s group in 2008 and joined Tsinghua University Department 
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of Physics in 2012. Prof. Xucun Ma served as a researcher in Xue’s Lab at 
CAS. She obtained her PhD from CAS in 2000, joined Institute of Phys-
ics at CAS in 2003 and transferred to Tsinghua Department of Physics in 
2013. Table 2 provides a complete list of the project members. The total 
facility investment in these laboratories is more than 30 million RMB.

Table 2. The personnel in the QAHE project

Contributions Institutions Scientists Students

Materials Tsinghua Qikun Xue’s Lab
Xi Chen
Jinfeng Jia
Shuaihua Ji

Yaoyi Li
Guang Wang
Canli Song
Xiegang Zhu
Peng Cheng,
Cuizu Chang,
Xiao Feng

CAS Xucun Ma’s Lab: 
Ke He 
Lili Wang

Tong Zhang
Yi Zhang
Kang Li
Yunbo Ou

Transport 
Properties
Measurement

Tsinghua Yayu Wang Jinsong Zhang
Zuocheng Zhang
Minghua Guo
Yang Feng
Minhao Liu

CAS Li Lu Jie Shen

Theory Stanford Shoucheng Zhang

CAS Zhong Fang
Xi Dai

Tsinghua Bangfen Zhu 
Wenhui Duan

Chaoxing Liu
Xiaoliang Qi

4.2 The main instruments in Prof. Xue’s Lab

Access to equipment and materials matters to scientists and greatly affects 
their productivity. In the realm of modern physics, the rate of scientific 
progress has largely determined by the availability of improved exper-
imental technologies. To quote Wolfgang Panofsky, the first director of 
SLAC (formerly known as the Stanford Linear Accelerator), “Physics is 
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generally paced by technology and not by the physical laws. We always 
seem to ask more questions than we have tools to answer” [24]. 

The tools to grow artificially structured materials which made discovery 
of the quantum anomalous Hall effect possible are Molecular Beam Epi-
taxy (MBE), Angle Resolved Photoemission Spectroscopy (ARPES) and 
Scanning Tunneling Microscope (STM). MBE was invented in the late 
1960s at Bell Telephone Laboratories by J. R. Arthur and Alfred Y. Cho 
[25]. It relies on in-situ characterization of surfaces and interfaces during 
the growth process. It is widely used in the manufacture of semiconductor 
devices. The STM is an instrument for imaging surfaces at the atomic level. 
Its development in 1981 earned its inventors, Gerd Binnig and Heinrich 
Rohrer at IBM Zürich, a Nobel Prize in Physics in 1986 [26]. ARPES 
enables direct observation of the Fermi surface and underlying electronic 
structure of crystals — the basic concepts to describe all the electronic 
properties of solids and to understand the key electronic interactions 
involved. These three great instruments represent three milestone achieve-
ments in the development of the modern condensed matter and materials 
physics. Integrating these instruments for controlled materials growth is a 
tour de force and available only in few laboratories worldwide. However, it 
is extremely difficult to operate such a complicated system, for which Prof. 
Xue’s group is among the best in the world, as further discussed below. 

Project 985 is a project that was first announced by Jiang Zemin, the then 
president of P. R. China, at the 100th anniversary of Peking University on 
May 4, 1998 to promote the development of a few leading Chinese research 
universities into world-class universities.  The name Project 985 came after 
the date of the announcement, May 1998 [27]. The project obliges both 
national and local governments to channel large funding to certain uni-
versities. Tsinghua University received 7.6 billion RMB from Project 985.

In 2005 Prof. Xue built his lab at Tsinghua University with the finan-
cial support from Tsinghua University under the Project 985 and with 
the purchase of these three essential instruments. Such a state-of-the-
art integrated experimental system to grow materials exists in only 
a few research institutes worldwide; each instrument was expensive 
to own and each required special technical expertise to operate. 

https://en.wikipedia.org/wiki/International_Business_Machines_Corporation
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Therefore, long before launching the QAHE project, Prof. Xue had 
already formed a team of people with the necessary technical exper-
tise to operate the complicated facilities. The key questions were 
when and how they would realize their potential capability to push 
the frontier of human knowledge in a research field new to them.  

4.3 Project funding for Prof. Xue

The 973 Program, also known as National Basic Research Program, is 
a basic research program initiated by China to achieve a technological 
and strategic edge in various scientific fields [28]. Prof. Xue received 30 
million RMB from the 973 Program, covering the period from 2008 to 
2013. This funding was originally designed to support “single atom / single 
molecular characterization, detection and its application in quantum con-
trol”, and the QAHE project was not included in the funding application 
at the outset. In 2010, they succeeded in adjusting their research direction 
towards QAHE without losing the financial support from 973 Program.

4.4 Identifying the project 

The team led by Prof. Xue originally focused on STM-related 
studies, a research field distant from QAHE. Although it is pop-
ular to characterize scientists as having instant insight, science 
takes time and persistence. A productive scientist is highly moti-
vated, and always encourages his or her students to explore 
new research areas and bring them to his or her attention. 

Prof. Xue holds group meetings every week, and PhD students are 
expected to report their research progress and, very importantly, dis-
cuss their recent readings of papers in leading scientific journals. Several 
papers published in Nature, associated journals, Science and Phys. Rev. 
Lett. published in 2008 (and even earlier) on topological insulators and 
quantum spin hall phase caught the attention of a PhD student, Yaoyi Li.  
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In an email to his PhD advisor, Yaoyi Li pointed out that “the materials 
described in the theory is similar to ours, it is so exciting that some big phys-
ics can be discovered in these materials”. Prof. Xue encouraged this student 
to report the concept and the most recent research progress in a subse-
quent meeting. In the following spring, another theoretical article with 
Prof. Shoucheng Zhang as the corresponding author predicted that 3D 
topological insulators can be found in Bi2Se3, Bi2Te3 and Sb2Te3 system: 

Zhang, Haijun, et al. “Topological insulators in Bi2Se3, Bi2Te3 and Sb2Te3 with 
a single Dirac cone on the surface.” Nature physics 5.6 (2009): 438-442.

Prof. Zhang at Stanford University is internationally recognized for his 
theoretical contribution in topological insulators, quantum spin Hall 
effect, spintronics and high temperature superconductivity. He is cur-
rently serving as a visiting professor at the Institute for Advanced Study, 
Tsinghua University. The Institute for Advanced Study is created by the 
Nobel Laureate in Physics, Chen-Ning Yang, who is also a mentor for Prof. 
Zhang. Numerous theorists, including Prof. Zhang, have been seeking to 
collaborate with experimentalists on the realization of this phenomenon. 

Being adventurous with scientific intuition, Prof. Xue decided to lead his 
group into this new field. It is clear that the concept of topological insu-
lator was new to Prof. Xue’s group. The group meeting at Xue’s lab served 
as a project detecting mechanism, and Yaoyi Li, in this case, succeeded 
in discovering the right one for Prof. Xue’s group to explore. Allowing 
students to freely explore new research areas with fresh eyes increases a 
group’s chance to discover a new collection of important solvable projects. 

4.5 How the project is completed 

a) Growing the highly perfect materials 

In real estate markets investors always emphasize the importance of 
“location, location and location”. In the study of QAHE, as well as in 
the study of many other sub-fields of the modern condensed matter 
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field, including superconductivity and magnetism, scientists always 
emphasize the importance of “materials, materials and materials”. 

The key challenge for the QAHE is to grow the required material with 
absolute purity- the exact 2:3 mixing ratio between Bi and Te for Bi2Te3. 
For a cluster of 1 million molecules, there should be exactly 0.4 mil-
lion Bi molecules and 0.6 million Te molecules. Prof. Xue’s team has 
nearly 20 years’ experience of synthesizing various kinds of materi-
als. Based on their existing knowledge and that of GaAs, Prof. Xue 
told the students how to overcome the high quality problem by using 
MBE. As a result, they successfully established a strategy for culti-
vating Bi2Te3 which satisfies the precise mixing ratio requirement.   

Prof. Fisher, a colleague of Prof. Zhixun Shen at Stanford University, and 
Prof. R. J. Cava, a colleague of Prof. M. Zahid Hasan at Princeton Uni-
versity were both seeking to grow the same material Bi2Te3 with different 
techniques. However, Prof. Xue’s techniques developed in a different field 
proved to be highly competitive in the topological insulator studies.  

b) Collaboration with theorists

In June 23, 2009, Prof. Xue reported his result “ARPES and STM 
Study of Bi2Te3 Topological Insulators on Si Prepared by MBE” in 
an International Conference on Topological Insulator in Hong 
Kong and built connections with multiple theorists. Prof. Zhang 
had been seeking an experimentalist as a collaborator in realizing 
QAHE. This Hong Kong conference provided the chance for Prof. 
Xue and Prof. Zhang to initiate their long-term cooperation. 

Since 2009, preceding the discovery of the QAHE, a series of 
important results on topological insulators were obtained: 

Li, Yao-Yi et al. “Intrinsic Topological Insulator Bi2Te3 Thin Films on 
Si and Their Thickness Limit.” Advanced Materials 22, (2010): 4002. 

http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=CitationReport&qid=2&SID=4E9O2WxqIGPtSqWsUWS&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=CitationReport&qid=2&SID=4E9O2WxqIGPtSqWsUWS&page=1&doc=1
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Zhang, Tong, et al. “Experimental demonstration of topo-
logical surface states protected by time-reversal symmetry.” 
Physical Review Letters 103.26 (2009): 266803. 

Cheng, Peng, et al. “Landau quantization of topological surface 
states in Bi2Se3.” Physical Review Letters 105.7 (2010): 076801. 

Jiang, Yeping, et al. “Landau quantization and the thick-
ness limit of topological insulator thin films of Sb2Te3.” 
Physical review letters 108.1 (2012): 016401. 

Zhang, Yi, et al. “Crossover of the three-dimensional topological insulator 
Bi2Se3 to the two-dimensional limit.” Nature Physics 6.8 (2010): 584-588. 

Zhang, Jinsong, et al. “Band structure engineering in (Bi1−xSbx)2Te3 ter-
nary topological insulators.” Nature communications 2 (2011): 574.

It is clear from the above, that Prof. Xue’s group was now 
a leading group in the newly emerging field of topolog-
ical materials with unusual physical properties. 

c) Transport measurement

Transport measurements needed to observe QAHE requires the capabil-
ity to make the measurements as a function of temperature. Prof. Yayu 
Wang, an expert on transport measurement, graduated from Prince-
ton University in 2004, supervised by Prof. Nai-Phuan Ong. He joined 
Tsinghua University as a full professor in 2007. Prof. Xue invited him to 
participate in the QAHE experiment. Researchers need to test all kinds 
of possible materials and control multiple experimental parameters to 
obtain the desired material. Yayu Wang and Prof. Xue’s research groups 
fostered a close and friendly relationship. They held joint group meet-
ings and encouraged their students to communicate on a regular basis to 
push the experiments forward. A relatively free flow of ideas, discover-
ies, technologies was a valuable part of their groups’ research culture. 

d) Extreme temperature
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In Oct. 2012, the transport measurement showed a signature of the quan-
tization of anomalous Hall effect. However, the available measurement 
temperature in Prof. Wang’s lab is not low enough to see the full quan-
tization of anomalous Hall effect. Prof. Xue then invited the third group 
lead by Prof. Li Lu from CAS to join them. Prof. Li Lu graduated from 
CAS with a PhD degree in 1992, and was promoted to full researcher 
(equivalent to full professor) at CAS in 1996. Prof. Lu and Prof. Xue have 
known each other for more than two decades. The long-term friendship 
provides the basis for their collaboration: mutual trust plus an expecta-
tion on a fair distribution of the credit. He opened his lab to Xue’s team. 
Within two-month, they successfully observed QAHE and reported this 
discovery in Science magazine titled “Experimental observation of the 
quantum anomalous Hall effect in a magnetic topological insulator”. 

The eventual credit of the important discovery is shared among the three 
institutions, Tsinghua, CAS and Stanford, and among the more than 20 
authors. Three professors were listed as the corresponding authors: Prof. Ke 
He from CAS, Prof. Yayu Wang from Tsinghua, and Prof. Xue from Tsin-
ghua. Prof. Shoucheng Zhang is listed as a co-author. Four students were 
listed as the co-first-authors in recognition of their equal contributions: 
Cui-Zu Chang from Prof. Xue’s lab, Jinsong Zhang from Prof. Yayu Wang’s 
lab, Xiao Feng from Prof. Xue’s lab and Jie Shen from Prof. Li Lu’s lab. 

The friendly collaboration involving four sophisticated technical tools 
in this condensed matter physics study characterizes the experiment on 
QAHE as one of the most challenging experiments in recent years. 

4.6 The future collaboration

Under the leadership of Prof. Xue, the cooperation network contin-
ues to expand after the experimental realization of QAHE. They have 
already entered the superconductivity field using similar experimen-
tal techniques, despite the fact that Prof. Xue’s team had little previous 
experience in this field. The new challenge is also to artificially grow 
the correct new materials. Their recent achievement on interface 
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enhanced high temperature superconductivity in FeSe/SrTiO3 het-
erostructure in 2012 was regarded as the most exciting discovery in 
iron-based high temperature superconductors in the last five years 
[29], which opens “A New Frontier for Superconductivity” [30]. 

5. The Lessons Learned  

5.1 China’s Gross Domestic Spending on R&D

Highly competent researchers and state-of-the-art equipment are 
essential for any lab to succeed in a level playing field. For the experi-
mental physical sciences, the resource requirements can be extensive, 
involving access to substantial expensive equipment. Besides the 
equipment in Prof. Xue’s lab, there were another two sets of equip-
ment used in the QAHE project located in two different labs and in 
two different institutions, Tsinghua and CAS. The total cost of the 
QAHE project (four sets of equipment plus the operation cost and 
the salary for the PhD students) is in the range of 35 million RMB.  

Over the past three decades, China’s economy maintained, on aver-
age, a double digit growth rate. Since 2000, China’s gross domestic 
spending on R&D has increased dramatically. In 2014, China’s gross 
domestic spending on R&D exceeded $344 billion [31, 32]. It would 
have been inconceivable that the Chinese government could provide 
massive resources to support scientists, like Prof. Xue, to conduct these 
capital-intensive scientific explorations in the 1980s and 1990s. 

China’s strong economy, in this case, provided a necessary external con-
dition for Prof. Xue’s success in the international academic competition 
arena. Assuming that the Chinese government can continue its high 
GDP growth rate in the long-run and raise the gross R&D intensity to 
an even higher level, the abundant R&D funding can easily foster more 
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prolific research labs, with the optimistic hypotheses that the allocation 
mechanism in China is efficient: that funding flows to the right people. 

5.2 Flexibility in Adjusting Funding Usage 

Given the nature of uncertainty in scientific explorations, scientists should 
be able to adjust their own research directions according to their interest 
and their judgments of the current research frontier. Prof. Xue’s funding 
from 973 Program was provided to cover 5 years and was not supposed 
to support the QAHE project. However, new fields can emerge within 
this 5 years’ time. The provisions of research funding should not prevent 
scientists from adjusting their direction accordingly and in real time. In 
China, such an adjustment mechanism is relatively common after the 
nearly 20-year practices of the 973 Program, particularly for an expe-
rienced PI such as Prof. Xue. This was not true for most of other major 
national research programs, including those at NSF of China, another 
major funding agency for fundamental research. In the last few years, 
there were many discussions about how to give scientists more flexibil-
ity in adjusting funding usage while at the same time to ensure that the 
money is used properly.  More policy changes in this area are expected. 

5.3 Risk Mitigation Mechanism  

The progress of science and technology happens in many ways: often 
the step-by-step advances built on the previous discoveries can lead 
to unexpected breakthroughs; many of the great scientific advances 
also arise through innovations in theoretical methods; new instru-
ments to “see” what could not be seen before and new engineered 
materials which show unexpected behavior. Because potential trans-
formative research pushes the boundaries of what is known or 
accepted, the probability of failure is significant. Scientists’ tolerance 
of the risk of failure can influence their decision making [33, 34]. 

Two of Prof. Xue’s young collaborators, Ke He and Yayu Wang, have 
their own stable funding: Emerging and Interdisciplinary Layout Pilot 
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Project of CAS (800,000 RMB per year without mission) and Distin-
guished Youth Foundation of NSFC (1 million RMB per year). This 
stable funding mitigated their risk to join Prof. Xue’s high-risk QAHE 
project. In the event that the QAHE research did not produce the 
desired results, they each could still use their own stable funding to 
finance their personal research. In fact, throughout the process, they 
thought about closing the experiments multiple times. However, it 
was not due to an issue of money, but rather due to the fact that they 
found that the experiment to be nearly impossible to complete. 

5.4 Leadership and Collaboration

For a research team to excel, it must be led by a visionary leader with 
excellent managerial as well as scientific/technical credentials. The 
leader must recognize change and manage and structure his or her team 
accordingly. A leader with strong people-management skills can create 
an environment where people know the boundaries but are able to push 
the frontier as circumstances demand. A leader also needs help in iden-
tifying the research projects. Group members work collectively as a 
radar system, detecting the possible projects and prioritize them [35].   

While making some progresses, the research group may realize that 
they lack the adequate resources to complete the project alone and col-
laboration is essential to proceed. Although Prof. Xue is the core of the 
QAHE project and his group made the initial adventure, the experiment 
could not have been completed within his own lab, collaboration with 
other labs was the key to his success. There were more than 10 faculty 
professors involved in the QAHE project. One important reason that 
explains the success of the multi-PIs’ collaboration in Prof. Xue’s project 
was that the faculty professors involved had all known each other for a 
very long time. Prof. Xue had earned their trust before the project had 
even begun, this fact alone eliminated many possible obstacles to their 
collaborations. Moreover, although the project was initiated after Prof. 
Xue moved to Tsinghua, both Tsinghua and CAS wanted to claim the 
credit for the discovery. Before working at Tsinghua University, Prof. 
Xue served as the director for State Key Laboratory for Surface Physics at 
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CAS. He knows the administrators at both institutions. The special work-
ing experience allowed him to coordinate the resources on both sides, 
Tsinghua and CAS, efficiently and settle any potential disputes calmly. 

6. Discussion

In another context, one of the authors of this study described the design 
of radically innovating institutions [36]. Above all they require visionary 
leadership, a strategic plan with targeted investments in selected areas to 
build critical mass, stable funding, a culture of transdisciplinary research 
which bridges disciplines and the basic – applied dichotomy and with a 
delicate balance between freedom and focus. As China embarks on creat-
ing world class research universities the lessons learned from this initial 
foray in developing a world class effort in an area of condensed matter 
physics over the last decade at Tsinghua are instructive. Breakthrough 
research resulted from a collaboration that began with Prof. Xue’s targeted 
recruitment of key individuals from CAS in an effort to build a critical 
mass of researches who spanned different, but related areas of condensed 
matter and materials physics. Key ingredients included recruitment of a 
leader (e.g., Prof. Xue) with support from the highest level (e.g., Tsinghua 
President), significant and stable multiyear funding, world class instru-
mentation infrastructure, ability to recruit other faculty members of the 
team and allowance for the team to adjust its stated research direction and 
build a supportive culture as new opportunities arise. It took a leader who 
encouraged other members of the team, who was willing to share credit, 
and who worked to facilitate a culture of support in a climate of excellence. 
In some ways this example is reminiscent how UCSB transformed itself 
via strategic recruitment from leading industrial research laboratories 
(like Bell Labs) and in selected areas of physics, applied physics, materi-
als science and engineering and the support of federal funding agencies 
which wanted to foster a research culture which crossed boundaries [36].

The case study reported here is a microcosm of what needs to be fur-
ther developed. Similar endeavors need to be initiated in other areas of 
the sciences and engineering e.g. applied physics, electronic materials 
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and electrical engineering, soft materials chemistry and chemical engi-
neering, structural materials and mechanical engineering and so on. 
In order to address societal grand challenges this culture will need to 
flower more broadly. Wider engagement with social sciences and pro-
fessional schools will need to be fostered to bridge theory and practice. 
This will also require changes in governance structures, the recruit-
ing and faculty reward structures and with properly application of 
the greatly enhanced resources as an inducement to affect change.
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